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Discussion

L A. Rosen, Ph.D. (National Institutes of Health, Bethesda, MD): This
paper is a major advance in considerations of the characterization of
electromagnetic fields. with the recognition that something other than time
averaged fields is important. The following comments on the paper are
offered more as considerations for how the collected data would be used
when collecting data, than as suggestion for changes in the recommenda-
tions of measurements.

Table I recommends that course measurements be collected as part of
Goal I, "Course ranking of homes for epidemiology studies," but sug-
gests that harmonic characteristics need I\()( be addressed until Goal 3,
"Source Characterization," a level of complexity and physical measure-
ments that may I\()( be reached in most epidemiological studies due to
funding restrictions. In addition, the paper does I\()( specify whether the
residential measurements outlined for Goal I include filtering for the 60
Hz fundamental or whether the magnitude of the measurements would
include the contribution of a broader range of the power frequency
harmonics.

Since the objective of many field characterization programs is to form
the basis for establishing exposure for correlation to biological events, the
course measurements proposed in Goal I could be extended with minimal
effort to provide significantly more information. It would appear beneficial
to recommend that "course measurements," could include one measure-
ment that is filtered to the fundamental 60 Hz and a second measurement
that includes linear or Oat range considerations. The recently developed
Star Logger, equipped with an adapter (available from EPRI/HVTRC)
can independently measure the filtered 60 Hz magnetic field and the total
magnetic field minus the 60 Hz component. Other survey meters, such as
the Leeper Meter can provide a relative, but usable numerical, value for
the difference between Oat and linear measurements, representing the
harmonic contribution (Kaune et aI, 1987). The dual measurements would
be taken at all locations suggested in the paper. With this dual measure-
ment, the epidemiologist could have several different factors, including
total field, relative contribution of the non-fundamental harmonics and any
combination, in addition to the fundamental frequency component for
comparing exposure to the occurrence of biological endpoints. The total
magnetic field, in addition to a filtered 60 Hz component, could be an
important exposure assessment factor, because of the potential coupling of
the higher frequencies with the subjects in the defined exposure areas.

Second, the approach represented in Figure 5 of graphing cumulative
time as a function of field intensity represents an excellent recommenda-
tion for the advance of exposure considerations. However the proposed
method would I\()( discriminate between different conditions that would
produce the same results. For instance, time above or below a fixed field
point could represent a single major shift in power use in a neighborhood
while all else remains stable; for a second location, the cumulative values
could represent a series of excursions, such as would occur with power
use in a house, particularly where appliances cycle repeatedly. In both
cases the values as represented in Figure 5 would be similar, but the first
would effectively represent only a change in continuous exposure. while:
the second would represent intermittent exposure. If a sufficient number of
measurements were available in the data collection, as indicated in Figure
8, the suggested format could be modified to indicate the number of times
per day the fields went above an arbitrary magnetic field level in addition
to calculating the percentage of time below the defined level. It would also
be possible to set arbitrary upper and lower points, and calculate the
number of times the field intensities went above and below these two
levels. Depending on the computer capabilities of the scientists, engineers,
or epidemiologists, such arbitrary points could be llooting during the data
analysis stage, and the calculations of frequency of pathological events
recalculated with each defined threshold that can be outlined by the
biologists or the epidemiologists. The: accuracy of this type of calculation
would depend on the discrimination of the recording instrument. It might
also be possible to outline the different rates of data collection and the
tnde~ffs in recording time and data discrimination.

In that this paper is recommending factors important in the characteriza-
tion of clc:ctromagnetic fields, interpretation of the degree of intermittency
could be an important consideration to those concerned with health effects
ill this field of study who may I\()( be knowledgeable in the developing
laboratory science. The instrumentation and the statistical methodologies
are available. Relative change in amplitude over time, in addition to, or
possibly ill lieu of, fixed single thresholds of field intensity could bcaJmc:
fat:rors ill defining chc rcISORS for difficulties ill agrec:mcnt between
epidemiological tqIOt1S or explaining discn:pancic:s in the laboratory
findings.
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The author~ are to be congratulated on their
thorough di~cu~~ion of magnetic field~ in re~idential
and occupational ~etting~, and of the pre~ently u~ed
approache~ to the mea~urement of magnetic fields in
the~e situations. Of particular value is the
pre~entation of major differences with respect to the
vicinity of transmission lines.

This di~cu~~er would like to draw attention to two
further aspects that may be of significance in
connection with epidemiological studies, and to ~olicit
comments from the author~.

In addition to the harmonic content of the
magnetic field which has been excellentlypresented in
the paper, two further questions of significance to
biological ~tudie~ ~hould also be queried. The fir~t
concern~ the orientation of the magnetic field, i.e.
location of it~ major axis with respectto the geometry
of the ~ubject and the ~econd concern~ the decision
whether the peak value of the ~9n~tic field or it~ RHS
value i~ of importance. ". 'Both" these questions have
medical i~lication~ and it is definitely presumptuou~
of us engineer~ to attempt to answer them.
Nevertheless, it i~ our duty to draw these two aspect~
to the attention of medical personnel during their
evaluation of epidemiological ~tudies and of other
medical experiment~. It i~ nece~~ary to point out the
phy~ical significance of field orientation and the
phy~ical differencebetween the peak value of the field

vector (8mg) and it~ "energy content", Bmg(~S)'

Bmg(RMS) - ~ B2mg(fund) + f. B2_..<harm) (1)

In contra~t the peak value of the magnetic field is

Bmg - B_(/rurd) + E B_(harm) (2)
.....

Should the pha~e~ of individual harmonic~ coincide
unfavourably, there may be very considerable difference
between these two quantities. Under that as~umption, for
the ca~e illu~trated in the paper by Figure~ 6 and 7,

the ratio Ii andmg isB_(RMS)between

28.76/12.14-2.37.

It i~ the feeling of this discusser that
definition U) may be applicable to proce~ses where
heating effect~ are predominant,while that of equation
(2) would be ~i9nificant to forces-relatedphenomena.

Finally, a~ a ~eparate point I would like to raise
the 10n9 discussed question of thresholdlevels. While
these obviou~ly vary from one individual to another,
there aast be field level~ to which hwaan bodies (or for
that matter tho~e of other members of the anlmal
kin9dom) have been made immune throu9h the eons of
evolution. In my opinion, it would be incorrect to
di~reqard that po~~ibility.

Hanuscript received August 13, 1990.

M. MISAKIAN, M. SILVA, AND R. DAISHIKI: The authors thauk

the Discussors for their interest and discussions of the working grolll'
PaPer. In response to Dr. Janischewskyj's discussion, we agrl'C with
his observation that the directiOll of an ac magnetic fidd with re-
spect to the subject may be of significance because the magnitude
of the induced electric field and associated current depend, in part,



on the cross sectional area (of the subject) that is normal to thc di.
rection of the magnetic field direction. \Vhether the direction of thc
ac magnetic field should be determined during the characterization
of magnetic fields in residential or occupational settings is not clear.
Because the magnetic field may be rotating, determining the "direc.
tion" (e.g.. possibly the semi-major a..xisof the field ellipse) might
be considered excessively time consuming during an epidemiological
study when many measurements must be performed. Some members
of the biocffects community have considered the possible influcnce of
the a.c magnetic field direction on the outcome of biological studies
(1,2).

We agree that it is worth noting that the relatiollShip between peak
a.nd rms values for the possibly complex waveforms encountered dur-
ing measurements of the fields away from power lines may not be as
simple as in the case of sinusoidal waveforms. We should also note
that the ratio of peak to rms field values in Figure 6 is about 1.76
and pot 2.37. This can be determined directly from Figure 6 and the
information in the caption. The peak value is near 0.3 I,T and the
nns value is 0.1i "T. This result can also be confirmed by modeling
the approximately sawtooth waveform with the function f(x)=x in
the interval -~ to ~. The ratio of f(x)pcAk to f(x)nns is 1.73. which
is in good agreement with the measured ratio.

QuestiollS regarding the possibilities of heat and force related biocf-
fects, and thresholds for the onset of bioeffects are beyond the ex-
pertise of the task force.

In responding to Dr_ Rosen's discussion, we note that Dr. Ros('n is
a. biologist who is very familiar with the bioeffects research related
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to power frequency electric and magnetic fields. Therefore, his point
of obtaining some measure of the harmonic content in the field even
during the coarse ranking of homes, could be one of many factors
considered during an}" future discussion of measurement protocols.
Similarly, the remarks regarding maintaining of flexibility in the ac-
quired data so that thresholds for effects can be explored merits
further discussion. As noted in the text (Section 3.3), exposure me-
ters currently exist which can shed some light on time spent in fields
abo,'e a certain le,'el. Exposure meters can also provide information
regarding intermittency of exposure.

In ending this closure, e note a number of "typos" in the text. The
"w" in Eq.(2) should be w , and the a's and b's in Eqs.( 4)-(6) should
be 0 's and l1's, respectively.
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